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PURPOSE: To reduce a display interference due to a 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the improvement approach of the gradation display by 

the subfield method applied to the plasma display etc. 

[0002] 

[Description of the Prior Art] In the display of an image or a computer terminal, the gradation display 
engine performance is dramatically important. For example, the display which has gradation in the 1 
field is performed by scanning an electron beam, controlling the amount of currents by CRT, and 
changing the amount of luminescence of the fluorescent substance of each pixel location. However, in 
the plasma display which displays using a memory effect, it is necessary to use a subfield method for a 
gradation display. By this approach, in order to realize the display of 64 gradation, for example, first, the 
brightness of each pixel is digitized by the 6-bit luminance signal corresponding to the gradation 
brightness data with which brightness differs every 2 times, and memory is carried out. When Bl and 
the following bit are displayed for MSB which is a bit with the highest brightness as B4, B5, and B6 B-2 
and the following B3, the brightness ratio of each bit is equivalent to 32: 16:8:4:2: 1 . The display of 64 
gradation equivalent to the level of brightness 0-63 is attained by choosing these bits. 
[0003] In the plasma display, an image is reproduced one by one in six subfields which were able to 
attach weight by the count of luminescence corresponding to each bit for 1 field period, and it is 
considering as the image of natural halftone according to the visual storage effect. Drawing 6 (a) 
explains briefly the subfield display by the scan maintenance separation actuation used with AC mold 
color plasma display. Although the 1 field is made into about 1/60 second whose flicker is not usually 
visible, it is divided into six subfields of SF1 to SF6 which consist of scan periods and maintenance 
conducting periods as shown in drawing 6 (a). In the scan period of SF1, a store is performed to each 
pixel based on the indicative data of Bl of the most significant bit. After a complete store is completed, 
a maintenance discharge pulse is impressed all over a panel, and a luminescence indication only of the 
write-in pixel is given. Subsequently, same actuation is performed also in a two or less SF subfield. In 
order to obtain sufficient brightness, to the maintenance conducting period of each subfield, 64, 32, and 
16 or 8 times of pulses are impressed, respectively, and it is made to emit [ SF2 ] light by SF3 to SF6 
128 times 256 times in SF1 at it. 

[0004] The case of the method of driving a scan maintenance hybrid model for writing in and driving 
scan / elimination scan and maintenance discharge simultaneously shown in drawin g 6 (b), and even 
when scan maintenance mixing actuation is continuously carried out ranging over between the fields, it 
is fundamentally the same. Although the rapidity which performs a scan in a short time and a store is 
required in order to have produced adoption of such a subfield method from the need of modulating 
luminescence brightness by the count of luminescence, or luminescence time amount and to scan 
multiple times naturally at 1 field period, improvement in the write-in engine performance of a plasma 
display panel is achieved in recent years, the store in 3 or less microseconds is also attained, and the 256 
gradation full color display by eight subfields has also been realized. 
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[0005] 

[Problem(s) to be Solved by the Invention] In the case of a still picture, a good gradation display is 
reproduced by such subfield method, but in an animation display, active jamming occurs with an image 
For example, when the image from which brightness changes smoothly like a person's cheek moves in a 
screen top, a dark profile and a bright profile appear into the part which should be an image smooth 
originally. Moreover, a color gap, the feeling of lowering of resolution, etc. are brought about Such 
animation false coutour is dramatically conspicuous on the boundary which advances to a high order bit 
in a smooth gradation change, and has the problem which spoils display grace remarkably 
[0006] Some approaches are proposed in order to solve this problem, the IECE paper magazine - in Mr 

£™f Paper " TV diSplay by AC form plasma P anel " indicated by 62 pages from 56 pages of 
77/VolJ60-ANo.l It is effective to optimize a subfield array so that a bit winds [ the average value of 
the brightness within the time amount of the 1 field ], and it may wind, and a difference may decrease 
before and after falling, a riser and. In the example of 5 bits, i.e., 32 gradation displays, it is supposed 
that the array of SF3, SF2, SF1, SF5, and SF4 which allotted the luminescence period of a high order bit 
to the center section is appropriate. Moreover, it is also effective to decrease the display time in 1 field 
and m the example of an experiment, by stuffing a display luminescence period into the time amount of 
the quadrant of the 1 field, it combines with the above-mentioned subfield array, and it is supposed that 
a good display will be realized. 

[0007] moreover, in the paper "the medium means of displaying of television using a memory mold 
discharge-m-gases panel" of Mr. Konoue of EID 90-9 of an Institute of Electronics, Information and 
Communication Engineers technical report reported in 1990 The time interval from the bit of the 
beginning of the field to the bit of the last of the next field It is supposed that it will be improvable by 
considenng as less than 20 mses which are the critical fusion period of human being's vision Like 
above-mentioned Mr. Takigawa's approach, a subfield cannot be arranged over the whole 1 field but it 
can consider as less than 20 mses by stuffing one side, and it is supposed that animation false coutour 
will be improved. Moreover, it is supposed also by dividing and arranging the bit of a high order with 
long luminescence time amount that this condition can be fulfilled. In the case of 8 fatbitses divide B 1 
of a high order into SF-1 and SF 1-2, and B-2 is divided into two at SF 2-1 and SF 2-2, respectively By 
arranging the 1 field with 10 subfield configurations in order of SF 2-1 and SF 1-1 which have arranged 
each divided subfield discretely, SF8, SF7, SF6, SF5, SF4, SF3 and SF 2-2, and SF 1-1 Time amount 
from the bit of the beginning of the field to the bit of the last of the next field can be made into 18 8 
mses, and it is reported that the gradation turbulence of an animation has been improved 
[ °22 8] , Besides an above-mentioned examination, the improvement examination by optimization of a 
subfield array is made, and the configuration which arranges the subfield and the subfield of the 
following bit of degree most significant bit to the neighbors of the subfield of the most significant bit is 
shown by JP,3-145691,A (Japanese Patent Application No. No. 282987 [ one to ]). Moreover by JP 7- 
77 u, 2 '^ (Jap ! neSe Patent A PP lication No - No - 148072 [ five to ]), although arranged centering on the 
sublield of the most significant bit, in order to distribute the subfield of the following bit and the 
following following bit as much as possible, the configuration arranged to the ends of the field distant 
from the subfield of the most significant bit in time is indicated to be JP,3- 145691 A 
[0009] In the above conventional technique, although the approach by optimization of the order of a 
subfield does not almost have evil in respect of scan actuation in circuit cost, either and is a simple cure 
against an improvement, still, it is not enough to high definition graphic display, moreover - in order to 
demonstrate the prevention effectiveness of animation false coutour sufficient by the approach of 
dividing compaction of field time amount, compaction of a luminescence display period and many 
subfields - a scan time - considerable extent - it is necessary to shorten Although it can respond in the 
plasma display with a small display capacity with which a sufficiently long scan period is permitted a 
multi-tone animation display is rather desired on the big display of display capacity, and it becomes 'very 
ditticult to shorten a scan time still more nearly substantially and to drive it in this case. 
[0010] This invention aims at preventing active jamming of animation false coutour with the hieh cure 
ot practicability. 6 
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[0011] 

[Means for Solving the Problem] in order to attain the aforementioned object -- this invention -- the 
subfield of the most significant to the m-th bit - a field period, while arranging in the center section 
mostly From the most significant to a most significant bit [ from the m-lst bits to ] is respectively 
divided into two or more subframes [ even ]. The both sides of the subfield of the m-th aforementioned 
bit are provided with the gradation method of presentation of a display characterized by having the 
subfield array which has arranged to the symmetry the subfield where the above was divided 
[0012] Moreover, in the 2nd view of this invention, the gradation method of presentation characterized 
by arranging the subfield of a high order bit in the center section of the field period, and reversing the 
^quence of a subfield in the odd-numbered field and the even-numbered field is offered. 

[Example] The plasma display panel for a 640x480 color pixel display produced to drawing 5 is shown 
On the glass substrate 61 which becomes a display side, the dielectric layer 63 which adhered to the 
magnesium-oxide film is formed in the field discharge electrode 62 with which a metaled bus electrode 
consists of transparence electric conduction film by which the laminating was carried out, and the front 
face, and it is formed so that the septum 64 of the shape of a still blacker grid may decide a pixel On the 
glass substrate 65 by the side of a rear face, the data electrode 66 and the white septum 68 of the shape 
of the white glaze layer 67 and a stripe are formed, and the fluorescent substance 69 which emits light 
with three primary colors is distinguished by different color with in the slot of the white septum 68 
Between two glass substrates, the discharge gas which consists of helium, Ne, and Xe is enclosed and a 
panel is completed. In the data electrode 66, 1920 and the field discharge electrode 62 consist of a scan 
electrode and a maintenance electrode, and 480 are formed, respectively. A scan pulse is impressed to a 
scan electrode one by one, and a data pulse is impressed to the data electrode chosen synchronizing with 
it. After this line sequential scanning crosses all over a pulse and is performed, maintenance discharge is 
made to perform all over a panel, and color luminescence is obtained. The gradation data digitized by 
the field period for 1/60 second were made to correspond, such actuation was performed in two or more 
subfields, and the animation display which has halftone was performed 

[0014] Usually, although the subfield of SF1 to SF6 is set up by 64 gradation displays corresponding to 
the 6-bit gradation bit to B6 of B 1 to LSB of MSB for the gradation display of a plasma display panel, 
two subfields, SF 1-1 and SF 1-2, are set up to the top data of Bl in this example. The count of 
impression of the maintenance luminescence pulse of these divided subfields is the same as the count of 
i>F2, and is made into the one half of the amount of luminescence of original MSB Such subfield 
division is easily performed by calling the gradation data of Bl from memory twice to both SF 1-1 and 
SF 1-2 etc. 

[0015] As shown in drawing 1 , the luminescence period of SF2 is arranged mostly at a part for the 
center section of the field, and the subfield of SF1 divided into the both sides adjoins, and it is arranged 
According to such an array, the high symmetric property of SF1 and SF2 which governs the big amount 
of luminescence is secured. Furthermore, by inserting both sides by SF3 and SF4, it is arranged so that 
the bias of the amount of luminescence may decrease as much as possible also about the bit of a 
medium. The display in SF6, SF3 and SF 1-1 of drawing! decided by such consideration, SF2 and SF 
1-2, and the subfield arranged in order of SF4 and SF5 had the big improvement effect to animation 
raise coutour. 

[0016] The luminescence condition of each subfield in case brightness changes to 32 gradation level 
Irom 31 gradation accompanied by the shift to MSB which serves as usually biggest animation false 
coutour as reference is shown in drawing^ . In the array of this invention, there is dramatically little 
turbulence, like high density of a luminescence period and a nonluminescent period continue for a long 
time also in the case of change of 3 1 to 32 gradation level, and the appearance of animation false 
coutour is effectively pressed down at it so that drawing 2 (a) may show. Moreover, as shown in 
drjiwing2 (b), they are few luminescence patterns of turbulence from 32 gradation similarly natural to 
change to 31 gradation. In addition, effectiveness is the same even if it reverses the subfield array of 
drawing 2 . 3 
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[0017] In addition, in this example of drawing 1 , seven subfields are required for the display of 64 
gradation, although there is need, such as shortening the maintenance conducting period as the whole, 
making the time amount allocation to a scan period increase a little, or making write-in actuation more 
reliable, and shortening scan pulse width, it has the improvement effect of high false coutour by the 
increase of little subfield to the approach of increasing the conventional number of subfields, and 
practicability is high. 

[0018] Prevention of the animation false coutour resulting from change of a high order bit is achieved by 
arranging SF3, SF 1-1, SF2 and SF 1-2, and SF4 in the center section of the field similarly in the display 
of 128 gradation or 256 gradation. In 128 gradation, 8 subfield arrangement of SF4 and SF5, SF5, SF3 
and SF 1-1, SF2 and SF 1-2, 8 subfield array of SF4, SF6, and SF7, etc. are effective. [ SF7 SF6 SF3 
SF 1-1, SF2andSF 1-2, ] ' 
[0019] In 256 gradation, 9 subfield arrangement of SF4, SF5, and SF8, SF7, SF5, SF3 and SF 1-1, SF2 
and SF 1-2, 9 subfield array of SF4, SF6, and SF8, etc. are effective. [ SF7, SF6, SF3, SF 1-1, SF2 and 
SF 1-2 ] In addition, although there is optionality in an array few and the optimal array changes 
delicately with die length of the scan period of actuation, and a maintenance period, as for the effect of 
the false coutour on the array of a five or less SF low order subfield, it is desirable that the continuity of 
the order of a subfield and luminescence of SF2 determine an array with the guide of the field it is made 
to come in the center if possible. 

[0020] Although 2 ****s only of MSB were carried out in the above-mentioned example, much more 
improvement can be aimed at by making [ many ] the bit divided further. For example, Bl is divided 
into SF 1-1 and SF 1-2, and B-2 is divided into SF 2-1 and SF 2-2, and it arranges so that SF3 may come 
to a part for the center section of the field by the array of SF 1-1, SF 2-1, SF3 and SF 2-2, SF 1-2 or SF 
2-1, SF 1-1, SF3 and SF 1-2, and SF 2-2. Although the effect of the array of a low-ranking subfield is 
not large, for example by 64 gradation displays SF4, SF 1-1, SF 2-1, SF3 and SF 2-1, SF 1-1, 8 subfield 
array of SF5 and SF6, In 128 gradation displays, SF5, SF4, SF 1-1, SF 2-1, SF3 and SF 2-2 SF 1-2 9 
subfield array of SF6 and SF7, In 256 gradation, SF5, SF4, SF 1-1, SF 2-1, SF3 and SF 2-2,' SF 1-2' 10 
subfield array of SF6, SF7, and SF8, etc. are adopted. Although this approach can be extended and it can 
also place focusing on SF4, there is also little buildup of an improvement effect and it becomes 
furthermore, less practical [ because of the difficulty of the actuation accompanying buildup of the 
number of subfields ] on the contrary. 

[0021] As mentioned above, in this invention, a big false coutour improvement effect is realizable with 
the increment in the small number of subfields as compared with optimization of a simple subfield array. 

[0022] Next, the typical subfield array in 64 gradation displays is shown in drawing 3 as an example of 
another method of this invention. The odd-numbered field is arranged in order of SF5, SF3, SFl , SF2, 
SF4, and SF6, and the even-numbered field is considered as the array of SF6, SF4, SF2, SFl, SF3, and 
SF5 which reversed the sequence of a subfield. Thus, since the false coutour which looks bright by 
reversing the order of a subfield for every field, and the false coutour which looks dark change and can 
equalize and be seen for every field, a feeling of active jamming is eased. In addition, since the repeat 
luminescence component for 1/30 second is made by making it reverse for every field, there is a 
problem on which a flicker is conspicuous. Since a flicker is conspicuous when brightness is high, it is 
prevented by arranging the subfield where brightness is high to a part for a center section. Moreover 
blank time amount suitable in the field can be established, and it can also adjust so that a flicker mav be 
lessened. ' 

[0023] Moreover, as for the direction of what has animation false coutour slight if possible, naturally as 
a subfield array in the field, a field independent is desirable. In 128 gradation displays, the array of SF6 
SF4, SF2, SFl, SF3, SF5, and SF7 which SF7, SF5, SF3, SFl, SF2, SF4, SF6, and the even number 
held made reverse [ field / for example, / odd number ] this etc. is desirable. Moreover, the arrangement 
which sets the odd number field to SF7, SF5, SF3, SFl, SF2, SF4, SF6, and SF8, and carries out the 
even number field to SF8, SF6, SF4, SF2, SFl, SF3, SF5, and SF7 of this reverse in 256 gradation 
displays is desirable. 
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[0024] Also to a subfield configuration including division of a high order bit as shown in the first 
example, the cure against animation false coutour which reverses the order of a subfield for every field 
is effective, and can improve a display condition further in this case. For example, when it constitutes 64 
gradation from seven subfields By setting the odd number field to SF5, SF3, SF 1-1, SF2 and SF 1-2, 
and SF4 and SF6, and carrying out the even number field to SF6, SF4, SF 1-2, SF2 and SF 1-1, and SF3 
and SF5, as shown in chawing 4 Since the symmetric property in the 2 field is given also about a low- 
ranking subfield from a medium, graphic display in which animation false coutour is not conspicuous is 
realized. Similarly, by 256 gradation displays, the odd number field is set to SF7, SF5, SF3, SF 1-1, SF2 
and SF 1-2, and SF4, SF6 and SF8, and a good display is obtained in the even number field in the array 
which reverses this sequence. Furthermore, it is the same even when 2 bits of high orders are divided. 
[0025] In addition, although the above example has explained the case where separate a scan and a 
maintenance period and AC mold plasma display of a field discharge mold is driven, if it indicates by 
gradation by the subfield method also in AC mold plasma displays of other structures, such as other 
actuation methods and a rectangular cross 2 electrode mold, and DC mold plasma display panel, it is 
effective similarly. 
[0026] 

[Effect of the Invention] As explained above, degradation of the display image quality by animation 
false coutour which poses a problem by the display of a plasma display by this invention offensive to the 
eye has been improved greatly. The approach of this invention also has little additional cost, and the 
practicability of a plasma display to multi-tone animation displays, such as a big-screen TV and a full 
color computer display, is raised. In addition, the approach of this invention is applicable to the display 
which performs a gradation display by the subfield approach besides a plasma display. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] Drawing for explaining the subfield array in the example of this invention. 

[Drawing 2] Drawing for explaining a subfield luminescence pattern when an intensity level changes in 

the example of this invention. 

[Drawing 3] Drawing for explaining the subfield array of the 2nd this invention. 
[Drawin&41 Drawing for explaining the example of a subfield array of this invention put together. 
[ Drawin g_5] Structural drawing of the plasma display panel used in the example of this invention. 
[Drawin g 6] The explanatory view of the subfield method for the conventional gradation display 
[Description of Notations] 

61 Glass Substrate 

62 Field Discharge Electrode 

63 Dielectric Layer 

64 68 Septum 

65 Glass Substrate 

66 Data Electrode 

67 White Glaze Layer 
69 Fluorescent Substance 
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